Resistive switching of metal oxide layers between high resistance state (HRS) and low resistance state (LRS) has been actively investigated for the application to nonvolatile memory, memristor, and switching devices with the thin films of NiO, TiO 2 , CuO, BaTiO 3 , and others [1,2]. The resistive switching between HRS and LRS are believed to come from either formation and rupture of conducting filaments or modulated Schottky barrier height at the interface by the accumulation of charges or vacancies. In addition, Strukov et al. reported the memristive switching in TiO 2 layer composed of insulating TiO 2 (high-resistance) and oxygen-poor TiO 2-x (low-resistance), where the gradually changing resistance by the change of internal states was preserved until a new state was developed [3].
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The resistive switching in nanoparticles (NPs) and nanowires (NWs) of metal oxides have recently attracted the scientific and technological interests [4] . Since the switching involves the nanoscale redistribution of charges, defects, impurities (dopants), and local phase transition inside metal oxides, it is rational to employ the nanomaterials as switching element for a better control of switching. In the present study, we investigated the memristive switching behavior of γ-Fe 2 O 3 NP (~10 nm in diameter) assembly on the electrodes of Pt and Ti on flexible polyethersulfone (PES) or polyethylene terephthalate (PET) substrates.
The colloidal γ-Fe 2 O 3 NPs were synthesized through the decomposition of Fe(CO) 5 precursors in octadecene. The oleic acids encapsulating NP's surface prevented the aggregation of NPs in the solution. These NPs were assembled on the Pt electrode on PES or PET substrates by repeated dip-coating process. The patterned electrode structure with a diameter of 20 and 500 μm was formed through optical lithography and evaporation or using a shadow mask. The memristive switching characteristics were examined with an HP4155B semiconductor parameter analyzer.
The synthesized iron oxide NPs were identified to be γ-Fe 2 O 3 NPs using electron diffraction patterns and XPS analysis. The TEM micrographs in Fig. 1(a) shows that the diameter of NP is ~10 nm and the cross-sectional micrograph of Pt/NPs/Pt/PES in Fig. 1(b) reveals that the NPs layer was assembled with a thickness of ~50 nm composed of ~5 monolayers of NPs.
The current-voltage measurements disclose the resistive switching behaviors of NPs. Figure 2 is the I-V curve of Pt/γ-Fe 2 O 3 -NPs/Pt/PES when sweeping the voltage 0 -3 +3 0 V. It shows the clear hysteresis that the resistance was reduced at -V (SET) and returned to be increased at +V sweep (RESET). Figure 3 is the I-V curves at sweeping from 0 -V 0 V with increased voltage from -3 to -7 V. The current levels were gradually increased, i.e. the resistances were gradually decreased with increasing voltage. Also the resistance values were preserved until new states were developed at the following sweeps. These results are consistent with the typical characteristics of memristive switching. The theorized memristor mechanism explains that the boundary between low resistance region and high resistance region moves as responding to the applied voltage [3] . Though it should be further verified, the NPs layer is thought to consist of high and low resistance regions with moving ions. The γ-Fe 2 O 3 has an inverse spinel structure with the presence of cation vacancies. Also the NPs layer has high density of interface states and vacancies between NPs. Thus the local redistribution of ions or vacancies could be accompanied in γ-Fe 2 O 3 NPs, leading to the resistive switching. The details of the origin of memristive switching are currently under investigation.
In this presentation we also report the switching behavior of iron oxide NPs in patterned array structure in detail for practical application to flexible memory device. 
